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Original Article

Aims: Nonvalvular atrial fibrillation often occurs in combination with carotid atherosclerosis, but less is known 
about it in combination with cerebral artery stenosis. This study investigated the characteristics of cerebral 
infarction in patients with nonvalvular atrial fibrillation with or without cerebral artery stenosis.

Methods: A retrospective analysis was conducted on 172 cerebral infarction patients with nonvalvular atrial 
fibrillation hospitalized at the Affiliated Ganzhou Hospital of Nanchang University between December 2011 and 
January 2016. The patients were divided into two groups (stenosis and non-stenosis groups) based on whether the 
cerebral infarction was combined with cerebral artery stenosis or not. Clinical characteristics, related supplemen-
tary examination, and the imaging characteristics of cerebral infarction lesions were compared between the groups.

Results: Mean age [(75.73±8.46) years vs. (63.44±9.95) years], National Institute of Health stroke scale (NIHSS) 
score [(8.66±6.73) vs. (4.59±3.51)], CHA2DS2-VASc score [(2.93±1.40) vs. (0.96± 0.98)], history of hyperten-
sion (74.4% vs. 30.0%), and history of stroke/ transient ischemic attack (TIA) (55.8% vs. 13.3%) were higher in 
the stenosis group (n=107) than in the non-stenosis group (n=65) (P＜0.01). In the stenosis group, there were 
different types of cerebral infarction lesions, including multiple infarction (multifocal type), massive infarction, 
watershed infarction, and lacunar infarction; in the non-stenosis group, the 60.0% lesions were multiple infarc-
tion (multifocal type), a significantly higher proportion than the stenosis group (26.2%, P＜0.05). NIHSS score 
was an independent risk factor for worse prognosis at follow-up (OR (95%CI) 1.251–1.674, P＜0.001).

Conclusions: Advanced age, hypertension, and stroke/TIA were increased in patients with cerebral infarction 
with nonvalvular atrial fibrillation combined with cerebral artery stenosis.

bral infarction patients with atrial fibrillation are 
higher than that of cerebral infarction patients with-
out atrial fibrillation3). Understanding the risk factors 
for cerebral infarction in patients with NVAF relies on 
the reasonable assessment of the risk of complicated 
cerebral infarction. These risks can then guide strate-
gies for the prevention of thromboembolism. Clini-
cians can use the CHA2DS2-VASc score as a way of 

Introduction

Nonvalvular atrial fibrillation (NVAF) is the 
most common type of atrial fibrillation and an inde-
pendent risk factor for cerebral infarction; about 20% 
of the cases of cerebral infarction are cardiogenic cere-
bral infarction and, of these, nearly 50% are caused by 
NVAF1, 2). Both mortality and recurrence rate of cere-
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infarction with NVAF. Cerebral infarction was diag-
nosed according to the Framingham criteria14) if it 
met the following criteria: 1) acute onset; 2) the emer-
gence of focal neurological deficits (one side of the 
face or limb numbness, speech disorders, etc.), a small 
number of patients with comprehensive neurological 
deficits; 3) symptoms or signs continued for more 
than 30 min; and 4) brain magnetic resonance imag-
ing (MRI) showed acute ischemic lesions. Atrial fibril-
lation was diagnosed according to the following crite-
ria: 1) patients with a previous history of atrial fibrilla-
tion; or 2) duration of atrial fibrillation lasting over 30 
s, showing an absence of P-wave replaced by F-wave 
of absolutely irregular amplitude, shape, and spacing 
(frequency, 350–600 times/min) in electrocardiogram.

The exclusion criteria were: 1) intracerebral hem-
orrhage; 2) atrial fibrillation associated with reversible 
causes (which included acute myocardial infarction, 
acute myocarditis, untreated hyperthyroidism, atrial 
fibrillation caused by electrophysiological examina-
tion, angiography and pacemaker operation, and 
recent history of cardiothoracic surgery); or 3) rheu-
matic heart valve disease confirmed by clinical diagno-
sis and ultrasonic echocardiography.

The patients were grouped into two groups 
according to the diagnostic criteria of cerebral artery 
stenosis. Patients with NVAF combined with cerebral 
artery stenosis were placed in the stenosis group, and 
those with NVAF without cerebral artery stenosis were 
placed in the non-stenosis group.

The diagnosis of cerebral artery stenosis referred 
to a stenosis degree of any segment of the cerebral 
artery ≥ 50%15, 16) but excluded isolated symptomatic 
artery stenosis related to the cerebral infarction area. 
Multiple cerebral artery stenosis referred to lesions 
involving more than one segment of cerebral arteries. 
Cerebral artery stenosis included extracranial artery 
stenosis and intracranial artery stenosis. The extracra-
nial arteries were divided into different segments: 
common carotid artery, external carotid artery, extra-
cranial internal carotid artery (E-ICA), and extracra-
nial vertebral artery (E-VB). The intracranial arteries 
were also divided into various segments: intracranial 
internal carotid artery (I-ICA), middle cerebral artery 
(MCA), anterior cerebral artery (ACA), intracranial 
vertebral artery (I-VA), basilar artery, and posterior 
cerebral artery (PCA).

Data Collection
Case data were retrospectively studied, including 

clinical characteristics and basic data (gender and age); 
past medical history and personal history (history of 
stroke/TIA, hypertension, diabetes, coronary heart 
disease, and smoking and alcohol consumption); pre-

assessing the risk for embolism and stroke in patients 
with atrial fibrillation. This score assigns a level of risk 
based on the patient’s history of congestive heart fail-
ure, arterial hypertension, age, diabetes mellitus, status 
post stroke or transient ischemic attack, vascular dis-
ease, and female sex4). Nevertheless, due to the contro-
versies in the prediction efficiency of current risk strat-
ification schemes for stroke and unclear mechanisms 
of cerebral infarction in patients with NVAF, there 
may be some more important risk factors for the 
occurrence of stroke in patients with atrial fibrilla-
tion5, 6).

At present, the high-risk factors of cerebral 
infarction in patients with NVAF, such as age, hyper-
tension, and diabetes, are all recognized as being risk 
factors of atherosclerosis7). Aortic arch atherosclerosis 
may be involved in the occurrence of stroke in atrial 
fibrillation8, 9). Studies have also demonstrated that 
about 70% of patients with NVAF have carotid ath-
erosclerosis and approximately 20%–50% of patients 
with NVAF have severe carotid artery stenosis10, 11), 
which can further increase the risk of cerebral infarc-
tion in patients with NVAF12, 13). During our clinical 
observations, we also found that some cerebral infarc-
tion patients with NVAF also had cerebral atheroscle-
rosis. Therefore, we consider that cerebral artery ste-
nosis may also play an important role in causing 
stroke in NVAF. As previous studies have mostly 
focused on peripheral or extracranial arteries, reports 
of cerebral infarction in patients with NVAF com-
bined with cerebral artery stenosis are rare.

The aim of this study was to investigate the clini-
cal and imaging characteristics of cerebral infarction 
in patients with NVAF with or without cerebral artery 
stenosis. The results should provide important infor-
mation about cerebral infarction with NVAF in com-
bination with cerebral artery stenosis.

Subjects and Methods

Study Design
This was a retrospective analysis of patients with 

NVAF hospitalized for cerebral infarction at the 
Department of Neurology of the Affiliated Ganzhou 
Hospital of Nanchang University between December 
2011 and January 2016.

The study was approved by the ethics committee 
of the Affiliated Ganzhou Hospital of Nanchang 
University.

Patients
Patients were included in the study if they ful-

filled the following inclusion criteria: 1) older than 18 
years and 2) preliminarily diagnosed as having cerebral 
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Statistical Analysis
Statistical analysis was carried out using Win-

dows SPSS (Version 18.0; IBM, Armonk, NY, USA). 
Continuous variables were expressed as mean±stan-
dard deviation (SD) and compared by the two inde-
pendent-samples t-test. Categorical variables were 
compared using the chi-square test of fourfold table 
(when theoretical frequency was ＜5, Fisher’s exact 
probability test for fourfold table data was applied). 
One-way analysis of variance with the post hoc LSD 
test for continuous variables and chi-square test for 
categorical variables were used for subgroup analyses. 
The baseline data of the good vs. poor prognosis 
group were first compared using univariate analyses. 
Then, multivariate logistic regression analysis was car-
ried out on the factors with significant difference (P＜ 
0.05). P＜0.05 was considered as statistically signifi-
cant.

Results

From December 2011 to January 2016, 1563 
patients with acute cerebral infarction who were hos-
pitalized at the Department of Neurology of the Affili-
ated Ganzhou Hospital of Nanchang University were 
considered for inclusion in the study. Among them, 
1313 patients without atrial fibrillation and 45 
patients with combined rheumatic valvular heart dis-
ease were excluded. In addition, another 33 patients 
were excluded due to incomplete vascular examina-
tion. Finally, 172 cerebral infarction patients with 
NVAF were consecutively enrolled, with 93 males and 
79 females (mean age, 70.85±10.86 years). The ste-
nosis group included 107 patients (62.2%); 64 males 
(59.8%) and 43 females (40.2%); average age, 75.73 
±8.46 years. The non-stenosis group included 65 
patients (37.8%); 31 males (47.7%) and 34 females 
(52.3%); mean age, 63.44±9.95 years (Table 1).

Comparison of the Clinical Characteristics
Compared with the non-stenosis group, the ste-

nosis group showed higher mean age [(75.73±8.46) 
years vs. (63.44±9.95) years; P＜0.001], NIHSS 
score [(8.66±6.73) vs. (4.59±3.51); P=0.003], 
CHA2DS2-VASc score [(2.93±1.40) vs. (0.96± 0.98); 
P＜0.001], and the proportion of patients with a his-
tory of hypertension (74.4% vs. 30.0%; P＜0.001) 
and history of stroke/TIA (55.8% vs. 13.3%; P＜
0.001). No statistical differences were detected in gen-
der, history of diabetes, history of heart failure, history 
of smoking, history of alcohol consumption, history 
of antiplatelet drugs, or history of anticoagulant drugs 
between the two groups (P＞0.05) (Table 1).

vious history of medication (antiplatelet and anticoag-
ulant drugs); condition assessment (NIHSS score) and 
risk assessment for recurrent stroke (CHA2DS2-VASc 
score17)); data on supplementary examinations (serum 
biochemistry: total cholesterol (TC), triglyceride 
(TG), low-density lipoprotein cholesterol (LDL-C) 
and homocysteine (Hcy)); fibrinogen (Fib) and inter-
national normalized ratio (INR); and heart color 
Doppler examination (ejection fraction (EF) and left 
atrial diameter).

Craniocerebral magnetic resonance angiography 
(MRA), transcranial Doppler ultrasonography, and 
carotid color ultrasound were performed for all 
patients within 3 days after admission to hospital. The 
intracranial arteries were examined using craniocere-
bral MRA and transcranial Doppler ultrasound. The 
extracranial arteries were examined by carotid color 
ultrasound. The imaging of the cerebral infarction 
lesions in the present study was analyzed by two neu-
rologists and two radiologists specialized in magnetic 
resonance diagnostic, each with ＞7 years of relevant 
experience. Acute cerebral infarction lesions were 
determined based on high signal intensity on diffu-
sion-weighted imaging and low signal intensity on 
apparent diffusion coefficient. The types of cerebral 
infarction lesions were divided according to single 
lesion and multiple lesions (which referred to discon-
tinuous lesions in each layer, whereas unseparated 
lesions were considered as single lesion). According to 
the anatomical sites of infarction lesions, a single 
lesion was further divided into cortical infarction, sub-
cortical infarction (infarction lesion ＜15 mm in 
diameter was considered as lacunar infarction18)), cor-
tical-subcortical infarction, watershed infarction, and 
brain stem and cerebellar single infarction. Based on 
the size of the lesion area, cerebral infarction lesions 
were divided into massive cerebral infarction (the 
maximum diameter of lesion ≥ 40 mm)19) and non-
massive cerebral infarction (the maximum diameter of 
lesion ＜40 mm).

Follow-Up
Follow-up was performed 90 days after the 

patients were discharged, via telephone or face to face 
when some of the patients returned to the hospital for 
re-examination. Follow-up evaluation was undertaken 
by clinicians who had received unified training on the 
classification of the mRankin grade, and they had no 
previous interaction with the patients. The patients, 
relatives, or care workers who had taken care of the 
patients for a long time were questioned. Good prog-
nosis was defined as mRankin score ≤ 2. Poor progno-
sis was defined as mRankin score ≥ 3.
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patients (39.0%) had multiple infarction lesions, with 
28/107 patients (26.2%) in the stenosis group and 
39/65 patients (60.0%) in the non-stenosis group. 
Comparison between the two groups showed that the 
number of lesions was significantly different (P=  
0.026) (Table 3).

Comparison of the size of the lesion area between 
the two groups revealed that 43/172 patients (25.0%) 
had massive infarction lesions, with 25/107 patients 
(23.3%) in the stenosis group and 18/65 patients 
(27.7%) in the non-stenosis group, showing no signif-
icant difference (P=0.505) (Table 3).

Subgroup Analyses
The total number of cerebral artery stenosis seg-

ments was 278. Among them, there were 48 lesion in 
extracranial arteries (17.3%) and 230 in intracranial 
arteries (82.7%). The top 3 affected cerebral artery 

Comparison of Data from Supplementary Exami-
nations

The supplementary examinations between the 
stenosis group and the non-stenosis group showed no 
statistical differences in LDL, TC, TG, INR, Fib, Hcy, 
EF, or left atrial diameter (P＞0.05) (Table 1). Patients 
in the non-stenosis group had a significantly better 
prognosis at follow-up than those in the stenosis 
group (P=0.003).

Analysis of the Types of Cerebral Infarction Lesions
The distribution of infarction lesions is shown in 

Table 2. Infarction lesions in the two groups were 
classified into single infarction lesion and multiple 
infarction lesions. A total of 105/172 patients (61.0%) 
had a single infarction lesion, with 79/107 patients 
(73.8%) in the stenosis group and 26/65 patients 
(40.0%) in the non-stenosis group. A total of 67/172 

Table 1. Clinical characteristic of the stenosis and non-stenosis groups

Variables Stenosis group
(n =107)

Non-stenosis group
(n =65)

P

Gender, n (%)
Male
Female

Age (years), mean±SD
History of stroke/TIA, n (%)
Coronary artery disease, n (%) 
Hypertension, n (%)
Diabetes, n (%) 
Heart failure, n (%) 
Peripheral vascular disease, n (%)
CHA2DS2-VASc score, mean±SD
Smoking, n (%)
Alcohol consumption, n (%)
NIHSS score, mean±SD
History of antiplatelet drugs, n (%)
History of anticoagulant drugs, n (%) 
LDL-C (mmol/L), mean±SD
TC (mmol/L), mean±SD
TG (mmol/L), mean±SD
INR, mean±SD
Fib (g/L), mean±SD
Hcy (µmol/L), mean±SD
EF (%), mean±SD
Left atrial diameter (mm), mean±SD
Prognosis, n (%)

Good
Poor

 
64 (59.8)
43 (40.2)

75.73±8.46
59 (55.1)
20 (18.7)
80 (74.7)
16 (14.9)
11 (10.2)
13 (12.1)

2.93±1.40
47 (43.9)
42 (39.2)

8.66±6.73
38 (35.5)

8 (7.4)
2.53±0.69
3.96±0.94
1.49±0.83
1.13±0.18
3.19±0.86

13.30±8.97
66.79±10.69
45.04±5.88

 
51 (47.7)
56 (52.3)

 
31 (47.7)
34 (53.3)

63.44±9.95
9 (13.8)
6 (9.2)

18 (27.7)
7 (10.7)
8 (12.3)
5 (7.7)

0.96±0.98
21 (32.3)
17 (26.2)

4.59±3.51
15 (23.1)

6 (9.2)
2.66±0.66
4.04±1.25
1.59±0.94
1.17±0.41
2.91±0.92

15.37±12.17
62.38±9.10
44.25±8.56

 
46 (70.8)
19 (29.2)

0.322
 
 

＜0.001
＜0.001

0.093
＜0.001

0.434
0.681
0.354

＜0.001
0.131
0.079
0.003
0.067
0.683
0.449
0.778
0.637
0.586
0.198
0.421
0.136
0.799
0.003

 
 

SD= standard deviation; NIHSS=National Institutes of Health Stroke Scale; LDL-C= low-density lipoprotein choles-
terol; TC= total cholesterol; TG= triglycerides; INR= international normalized ratio; Fib= fibrinogen; Hcy=homocys-
teine; EF=ejection fraction
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of the patients according to their 3-month prognosis. 
During follow-up, only antithrombotic treatments 
and blood pressure were recorded. Seven patients with 
incomplete data (blood pressure and/or medication) 
were not included in the analysis, leaving 165 
included patients. The results showed that the inde-
pendent risk factors for poor prognosis of nonvalvular 
atrial fibrillation with cerebral infarction were higher 
NIHSS score (OR=1.458, 95%CI: 1.226–1.679, P＜ 
0.001), without continuous anticoagulant therapy 
(OR=0.182, 95%CI: 0.062–0.532, P=0.002), and 
history of stroke/TIA (OR=4.377, 95%CI: 1.361–
14.083, P=0.013) (Table 4).

Discussion

The aim of this study was to investigate patients 
with cerebral infarction and NVAF and compare the 
characteristics of the two groups of patients, i.e., those 

segments were the MCA (n=114, 48.1%), ACA (n=  
39, 14.0%), and PCA (n=35, 12.6%). There were 53 
cases (49.5%) of intracranial artery stenosis, 25 cases 
(23.4%) of extracranial artery stenosis, and 29 cases 
(27.1%) of simultaneous intracranial and extracranial 
artery stenosis (Supplementary Table 1). We com-
pared the baseline data among the four groups: intra-
cranial stenosis, extracranial stenosis, intracranial and 
extracranial stenosis, and non-stenosis. Age (P＜ 
0.001), CHA2DS2-VASc score (P＜0.001), NIHSS 
score (P=0.001), hypertension (P＜0.001), history of 
stroke/TIA (P＜0.001), coronary artery disease (P=  
0.001), diabetes (P=0.003), and prognosis (P=0.008) 
were significantly different among the four groups 
(Supplementary Table 2).

Factors Associated with Risk of 3-Month Poor 
Prognosis

Supplementary Table 3 shows the characteristics 

Table 2. Types of infarction lesions in the two patient groups

Type of lesion Stenosis group
(n =107)

Non-stenosis group
(n =65)

Single lesion, n (%)
Single anterior circulation lesion

Cortical-subcortical
Cortical
Subcortical

Diameter ≥ 15 mm
Diameter ＜15 mm

Single posterior circulation lesion＊

Watershed
Multiple lesions, n (%)

Unilateral anterior circulation
Unilateral posterior circulation
Unilateral anterior circulation＋posterior circulation

Bilateral anterior circulation
Bilateral posterior circulation
Bilateral anterior circulation＋posterior circulation

79 (73.8)
  

24 (22.4)
6 (5.6)

  
13 (12.1)
17 (15.9)

7 (6.5)
12 (11.2)
28 (26.2)
15 (14.0)

4 (3.7)
0 (0)
6 (5.6)
2 (1.9)
1 (0.9)

26 (40.0)
  

12 (18.5)
4 (6.2)

  
7 (10.8)
1 (1.5)
2 (3.1)
0 (0)

39 (6.0)
19 (29.2)

5 (7.7)
0 (0)

11 (16.9)
2 (3.1)
2 (3.1)

＊: Single posterior circulation lesion especially refers to brain stem and cerebellar infarction

Table 3. Comparison of the number and size of lesions in the two patient groups

Variables Stenosis group
(n =107)

Non-stenosis group
(n =65)

P

Number of lesions, n (%)
Single
Multiple

Diameter of lesions (mm), n (%)
≥ 40
＜40

 
79 (73.8)
28 (26.2)

 
25 (23.3)
82 (76.7)

 
26 (40.0)
39 (60.0)

 
18 (27.7)
47 (72.3)

0.026
  
 

0.505
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components and predictive factors for the risk stratifi-
cation of stroke in atrial fibrillation but also are closely 
correlated with cerebral infarction patients with NVAF 
complicated with cerebral artery stenosis, suggesting 
that cerebral artery stenosis has a potential effect on 
the occurrence and development of NVAF compli-
cated with cerebral infarction.

In addition, cerebral artery stenosis may also 
aggravate the condition of patients with NVAF com-
plicated with cerebral infarction. In this study, the 
mean NIHSS score in the stenosis group was evidently 
higher than that in the non-stenosis group, with a sta-
tistically significant difference, which might be 
explained by relatively poor cerebral vascular compen-
sation in cerebral infarction patients with NVAF 
accompanied by cerebral artery stenosis.

In the CHA2DS2-VASc stratification scheme17), 
new-onset vascular diseases (previous history of myo-
cardial infarction, peripheral arterial disease, or large 
artery plaque) were considered as the risk factors of 
stroke in atrial fibrillation. Moreover, these factors are 
all caused by long-term atherosclerosis. Meanwhile, 
risk factors including advanced age, hypertension, and 
diabetes increase the incidence of cerebral atheroscle-
rosis, finally resulting in increased risk of cerebral 
infarction. At present, the development and popular-
ization of vascular imaging are rapid; therefore, we 
suppose that cranial artery stenosis could be included 
into the risk stratification of stroke in atrial fibrillation 
and may have a more intuitive effect on the determi-
nation of the risk of stroke in atrial fibrillation.

The original intention of establishing a stratifica-
tion scheme for stroke risk in patients with atrial 
fibrillation is to reasonably assess the risk of compli-
cated cerebral infarction in patients with atrial fibrilla-
tion and to guide the choice of the strategy for the 

who also had cerebral artery stenosis vs. those without 
cerebral artery stenosis, with the aim of understanding 
more about NVAF in combination with cerebral 
artery stenosis. The results showed that the patients in 
the stenosis group had a higher mean age and higher 
rates of history of hypertension and stroke than those 
in the non-stenosis group. The patients with stenosis 
also had a worse prognosis at follow-up, but multivari-
ate analysis suggested that stenosis was not a risk fac-
tor for worse prognosis. The only factor found to be 
an independent risk factor was the NIHSS score. 
These results highlight the existence of cerebral artery 
stenosis in combination with NVAF.

In recent years, with the development of imaging 
technology for vascular examination and the gradual 
improvement of cerebral artery stenosis detection 
rates, the phenomenon of stroke in atrial fibrillation 
complicated with cerebral atherosclerosis and its rela-
tionship with stroke incidence has received increasing 
attention. Kim et al.20) applied DSA and MRA exami-
nations combined with the CHADS2 scoring system 
for stroke patients with NVAF and then found that 
the proportion of intracranial and extracranial athero-
sclerosis increased with increasing CHADS2 score; 
therefore, they believed that hypertension, ≥ 75 years 
of age, and history of stroke/TIA were determinants of 
complicated cerebral atherosclerosis in patients with 
NVAF. Our study found that two-thirds cases of 
NVAF complicated with cerebral infarction had cere-
bral arterial stenosis. In addition, compared with the 
non-stenosis group, significant increases were found in 
the proportion of patients with advanced age, a his-
tory of hypertension, and a history of stroke/TIA, as 
well as in corresponding CHA2DS2-VASc score in the 
stenosis group. Therefore, hypertension, ≥ 75 years of 
age, and history of stroke/TIA not only are important 

Table 4.  Multivariate logistic regression analysis for independent risk factors related to 
the 3-month prognosis

Variables OR (95% CI) P

Age
History of stroke or TIA
Coronary artery disease 
Hypertension
Diabetes
Peripheral vascular disease
Cerebral arterial stenosis
CHA2DS2-VASc score
NIHSS score
Continuous anticoagulant therapy

1.048 (0.987-1.112)
4.377 (1.361-14.083)
2.504 (0.539-11.645)
1.509 (0.432-5.273)
2.289 (0.456-11.481)
0.976 (0.093-10.073)
0.604 (0.180-2.030)
1.006 (0.534-1.896)
1.458 (1.226-1.679)
0.182 (0.062-0.532)

0.129
0.013
0.242
0.519
0.827
0.978
0.413
0.985

＜0.001
0.002

NIHSS=National Institutes of Health Stroke Scale; TIA= transient ischemic attack; OR=odds 
ratio; CI=confidence interval 
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caused by arterial occlusion24). In the present study, 
the types of lesions in the non-stenosis group were 
similar to this characteristic, with 60.0% being multi-
ple cranial infarction and 27.7% being massive infarc-
tion, suggesting that cerebral infarction in patients 
with NVAF without cerebral artery stenosis occurs 
mainly through the mechanism of cardiac embolism. 
Nevertheless, the types of lesions in the stenosis group 
were more varied, including multiple infarction 
(26.2%), massive infarction (23.3%), watershed 
infarction (11.2%), and lacunar infarction (15.9%). 
Compared with the non-stenosis group, the types of 
lesions and mechanisms in the stenosis group were 
more complex, so as well as cardiac embolism being 
an important mechanism other mechanisms are likely 
to be involved including arterial embolism and hemo-
dynamics based on cerebral artery stenosis20, 23) (as 
shown in Fig.1). Our study found 12 cases of water-
shed infarction (as shown in Fig.2). The potential 
mechanism of NVAF complicated with cerebral water-
shed infarction may be based on cerebral artery steno-
sis, when irregular cardiac contraction occurs with 
atrial fibrillation this causes abnormal hemodynamics 
and thereby leads to a deficiency in cerebral blood 
flow perfusion and consequently cerebral infarction. 
In addition, 5 cases of subcortical lesion with diameter 
＜15 mm, also known as lacunar cerebral infarction, 
were detected (as shown in Fig.3). Seifter et al.25) 
emphasized that cardiac stroke can also cause relatively 
small subcortical cerebral infarction, but its mecha-
nisms are complex, and these may be cardiac embo-
lism, perforating artery occlusion, or hyaline degener-
ation of perforating arteries caused by cerebral athero-
sclerosis of patients with atrial fibrillation themselves 
resulting in classical lacunar cerebral infarction.

In summary, the pathogenesis of cerebral infarc-
tion in patients with NVAF combined with cerebral 
artery stenosis is complex. The cerebral infarction can 
be caused by not only cardiac embolism but also non-
cardiac embolism such as artery-to-artery embolism, 
hemodynamic changes, and perforating artery occlu-
sion.

This study is a retrospective study, with a limited 
period and small sample size; any missing information 
cannot be obtained, and there might be selection bias 
in the collection of case data. This study failed to col-
lect cases of NVAF without cerebral infarction as con-
trols, to understand their onset of cerebral artery ste-
nosis. The diagnosis of cerebral artery stenosis in this 
study mainly relied on MRA, which has a relatively 
low positive predictive value, resulting in a possible 
lack of accuracy in the diagnosis of cerebral artery ste-
nosis. This study did not detect serum markers that 
can reflect the risk of stroke in atrial fibrillation, such 

prevention of thromboembolism. Hypertension, ≥ 75 
years of age, history of stroke/TIA, and diabetes are 
considered as acknowledged risk factors for stroke in 
atrial fibrillation; however, the mechanisms of these 
factors serving as its determinants are still unclear. 
Generally, hypertension and advanced age are sup-
posed to cause changes in cardiac structure, especially 
corresponding abnormal hemodynamics and slowed 
left atrial appendage blood flow velocity following left 
atrial enlargement, promoting thrombogenesis. In 
addition, hypercoagulability in the presence of diabe-
tes and atrial fibrillation may lead to thrombogenesis. 
These factors can increase the risk of stroke and 
underline the complexity of multiple factors or mech-
anisms in cerebral infarction patients with NVAF. 
Obviously, the existing research data focused more on 
the mechanism that the shedding of cardiogenic 
emboli causes embolic cerebral infarction, which has 
already been confirmed by heart color Doppler ultra-
sound and transesophageal echocardiography detect-
ing left atrium and/or left atrial appendage thrombus; 
however, no evidence of cardiogenic emboli was found 
in about 70% patients with NVAF21). Data even show 
that only 10% of the cerebral infarctions in patients 
with atrial fibrillation are caused by left atrial 
thrombi21). Benbir et al.11) pointed out that the patho-
genesis of cerebral infarction in patients with NVAF is 
not only cardiac embolism but also non-cardiac embo-
lism. The Guidelines for the Management of Atrial 
Fibrillation in the United States pointed out that as 
many as 25% of the strokes in atrial fibrillation may 
be caused by cerebrovascular diseases and other car-
diogenic emboli or aortic plaques22). In patients with 
NVAF, cerebral artery stenosis also can be compli-
cated; moreover, cerebral artery stenosis is the core 
link resulting in atherothrombotic cerebral infarc-
tion23).

Our study found that in the cases of NVAF com-
plicated with cerebral infarction, the proportion of 
cerebral artery stenosis was relatively high (62.2%), 
suggesting that cerebral artery stenosis may play a role 
in the occurrence and development of cerebral infarc-
tion in patients with NVAF. Kim et al.20) reported that 
the main pathogenesis of atherothrombotic stroke is 
artery-to-artery embolism caused by proximal athero-
sclerotic plaques, so proximal arterial lesions indeed 
can lead to the occurrence of cerebral infarction in 
partial patients with NVAF. In addition, high 
CHADS2 score not only increases the risk of cardiac 
embolism but also increases the risk of atherosclerotic 
thrombosis.

Previous studies indicated that cardiac embolism 
caused by atrial fibrillation is mostly embodied as 
multiple intracranial infarction or massive infarction 
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Fig.1. Typical types of cerebral infarction as shown by cranial MRI

(a): massive infarction in the left frontal, temporal, and parietal lobes, left MCA occlusion, 
right MCA, and VA stenosis; (b): massive infarction in the left temporal and parietal lobes, no 
obvious stenosis in MRA; (c): multiple anterior circulation infarction; (d): multiple posterior 
circulation infarction; (e): bilateral anterior circulation infarction; (f ): bilateral posterior circu-
lation infarction; and (g): anterior and posterior circulation infarction.
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Conclusions

Advanced age, hypertension, and history of 
stroke/TIA rates were higher in patients with cerebral 
infarction and NVAF combined with cerebral artery 
stenosis than in patients who had no cerebral artery 
stenosis. There were many types of cerebral infarction 
lesions in patients with NVAF combined with cerebral 
artery stenosis, suggesting that the pathogenesis of 
cerebral infarction may be both atherosclerotic cere-
bral infarction and cardiac embolism in these patients.
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as D-dimer, C reactive protein, and brain natriuretic 
peptide. Due to the costs of the examination, only a 
small number of patients underwent the evaluation of 
the aortic arch with transesophageal echocardiography 
or digital subtraction angiography. In addition, 
because of the retrospective nature of the study and 
limited financial resources, we could not recontact de 
patients and ask them to undergo additional examina-
tions. Therefore, the data were far from being com-
plete, and we cannot provide any reliable numbers or 
analyses to assess aortic arch plaques. Finally, there 
were a wide variety of combinations of unilateral/
bilateral lesions with unilateral/bilateral stenosis, and 
the sample size was too small to perform analyses 
based on this grouping. Multicenter studies will have 
to address this issue.

Fig.2. Watershed infarction and its intracranial artery MRA 

(a): cord-like acute infarction in the left frontal and parietal lobes; and (b): branches of left 
anterior cerebral arteries and middle cerebral arteries are reduced.
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Supplementary Table 1. Distribution of cerebral artery stenosis

Segments Numbers (n =278)

Extracranial artery, n (%)
E-ICA
CCA
ECA
E-VA

Intracranial artery, n (%)
I-ICA
ACA
MCA 
PCA
BA
VA

48 (17.3)
18 (6.5)
12 (4.3)

3 (1.1)
15 (5.4)

230 (82.7)
22 (7.9)
39 (14.0)

106 (38.1)
35 (12.6)
13 (4.7)
15 (5.4)

Supplementary Table 2.  Clinical characteristic of the intracranial stenosis, extracranial stenosis, intracranial and extracranial ste-
nosis and non-stenosis subgroups

Variables Intracranial Stenosis
(n =53)

Extracranial stenosis
(n =25)

Intracranial and 
extracranial stenosis 

(n =29)

Non-stenosis
(n =65)

Gender, n (%)
Male
Female

Age (years), mean±SD
History of stroke/TIA, n (%)
Coronary artery disease, n (%) 
Hypertension, n (%)
Diabetes, n (%) 
Heart failure, n (%) 
Peripheral vascular disease, n (%)
CHA2DS2-VASc score, mean±SD
Smoking, n (%)
Alcohol consumption, n (%)
NIHSS score, mean±SD
History of antiplatelet drugs, n (%)
History of anticoagulant drugs, n (%) 
LDL-C (mmol/L), mean±SD
TC (mmol/L), mean±SD
TG (mmol/L), mean±SD
INR, mean±SD
Fib (g/L), mean±SD
Hcy (µmol/L), mean±SD
EF (%), mean±SD
Left atrial diameter (mm), mean±SD
Prognosis, n (%)

Good
Poor

 
32 (60.4)
21 (39.6)

73.1±8.3a, c

26 (49.0)a, c

4 (7.5)b, c

36 (67.9)a, c

4 (7.5)c

4 (7.5)
3 (5.7)

3.0±1.9a, c

26 (49.1)
22 (41.5)

8.68±6.12a, c

19 (35.8)
3 (5.7)

2.77±0.61
3.98±0.91
1.32±0.91
1.11±0.20
2.89±0.84

13.08±8.55
65.88±10.08
44.78±5.97

 
28 (52.8)a

25 (47.2)

 
12 (48.0)
13 (52.0)

74.1±9.7a

10 (40.0)a, c

6 (24.0)
17 (68.0)a, c

2 (8.0)c

2 (8.0)
4 (16.0)

3.3±2.0a, c

8 (32.0)
10 (40.0)

7.45±6.24
8 (32.0)
2 (8.0)

2.52±0.55
3.53±0.60
1.54±0.69
1.15±0.22
3.56±0.76

13.14±7.98
66.89±10.97
44.04±4.98

 
12 (48.0)a

13 (52.0)

 
20 (66.0)

9 (31.0)
77.6±8.1a

23 (79.3)a

11 (37.9)a

27 (93.1)a

10 (34.5)a

5 (17.2)
4 (7.5)

5.1±1.8a

13 (44.8)
10 (34.5)

9.89±6.04a

11 (37.9)
3 (10.3)

2.86±0.43
3.90±0.80
1.89±0.85
1.21±0.23
3.17±0.78

14.87±8.65
67.41±9.78
45.43±5.69

 
11 (37.9)a

18 (62.1)

 
31 (47.7)
34 (53.3)

63.4±10.0
9 (13.8)
6 (9.2)

18 (27.7)
7 (10.7)
8 (12.3)
6 (20.7)

1.0±1.0
21 (32.3)
17 (26.2)

4.59±3.51
15 (23.1)

6 (9.2)
2.66±0.66
4.04±1.25
1.59±0.94
1.17±0.41
2.91±0.92

15.37±12.17
62.38±9.10
44.25±8.56

 
46 (70.8)
19 (29.2)

a P＜0.05, vs. non-stenosis group.
bP＜0.05, vs. extracranial stenosis group.
c P＜0.05, vs. intracranial and extracranial stenosis group.
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Supplementary Table 3.  Clinical characteristic of the patients according to the 3-month good vs. poor 
prognosis groups 

Variables Good prognosis
(n =95)

Poor prognosis
(n =70)

P

Gender, n (%)
Male
Female

Age (years), mean±SD
History of stroke/TIA, n (%)
Cerebral artery stenosis

Intracranial stenosis
Extracranial stenosis
Intracranial and extracranial stenosis

Coronary artery disease, n (%) 
Hypertension, n (%)
Diabetes, n (%) 
Heart failure, n (%) 
Peripheral vascular disease, n (%)
CHA2DS2-VASc score, mean±SD
Smoking, n (%)
Alcohol consumption, n (%)
NIHSS score, mean±SD
History of antiplatelet drugs, n (%)
History of anticoagulant drugs, n (%) 
LDL-C (mmol/L), mean±SD
TC (mmol/L), mean±SD
TG (mmol/L), mean±SD
INR, mean±SD
Fib (g/L), mean±SD
Hcy (µmol/L), mean±SD
EF (%), mean±SD
Left atrial diameter (mm), mean±SD
Continuous antiplatelet therapy, n (%)
Continuous anticoagulant therapy, n (%)
Blood systolic pressure (mmHg), mean±SD
Blood diastolic pressure (mmHg), mean±SD

 
50 (52.6)
45 (47.4)

66.01±10.20
21 (22.1)
50 (52.6)
27 (28.4)
12 (12.6)
11 (11.6)

6 (6.3)
37 (38.9)

4 (4.2)
7 (7.4)
3 (3.2)

1.88±1.60
38 (40.0)
33 (34.7)

5.72±4.34
27 (28.4)

8 (8.4)
2.76±0.55
3.92±0.82
1.54±0.82
1.13±0.30
2.79±0.76

14.78±8.67
65.56±10.35
44.56±6.17

36 (37.9)
55 (57.9)

136.18±11.33
83.79±8.01

 
41 (58.6)
29 (41.4)

75.62±9.00
42 (60.0)
52 (74.3)
24 (34.3)
13 (18.6)
15 (21.4)
19 (27.1)
56 (80.0)
16 (22.9)
10 (14.3)
13 (18.6)

4.17±2.00
27 (38.6)
23 (32.9)

14.83±6.36
24 (34.3)

6 (8.6)
2.81±0.53
4.06±0.84
1.86±0.88
1.14±0.21
2.97±0.67

15.96±8.98
62.21±11.28
44.96±5.97

36 (51.4)
22 (31.4)

136.57±12.40
84.04±7.57

0.448
 
 

＜0.001
＜0.001

0.005
 
 
 

＜0.001
＜0.001
＜0.001

0.149
0.001

＜0.001
0.853
0.801

＜0.001
0.420
0.973
0.531
0.121
0.974
0.754
0.492
0.072
0.064
0.052
0.083
0.001
0.833
0.837

SD= standard deviation; NIHSS=National Institutes of Health Stroke Scale; LDL-C= low density lipoprotein choles-
terol; TC= total cholesterol; TG= triglycerides; INR= international normalized ratio; Fib= fibrinogen; Hcy=homocys-
teine; EF=ejection fraction.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


